In various studies, metastasis associated with colon cancer 1 (MACC1) has been frequently reported to be abnormally highly expressed in human lung cancer, colon cancer, and hepatocellular carcinoma. Our study focuses on the association of MACC1 expression with gastric cancer (GC). During our experiment, the MACC1 expression was tested in 105 GC samples using an immunohistochemical (IHC) method. The clinical characteristics and prognosis of these patients were summarized. During analysis, MACC1 distribution in GC samples with distant metastasis was higher than that in normal samples and in tumors with no dissemination. Subsequently, a lower 5-year survival rate had a strong correlation with high MACC1 expression. As a consequence, the present results suggest that MACC1 is more frequently expressed in a poor prognosis phenotype of GC and acts as a promising prognostic prediction parameter for GC.
Introduction
Gastric cancer (GC) is the fourth most frequently diagnosed cancer and ranks as the third leading cause of death from cancer worldwide. In 2011, a global analysis showed that 989 600 new GC cases and as many as 738 000 patient deaths occurred in 2008. Among the population, 70% of cases occur in developing countries, especially in eastern Asia (Jemal et al., 2011) . Over two-thirds of cases present with advanced or inoperable disease once diagnosed, and the prognosis is poor (MacDonald, 2006) . Despite the wide usage of advanced surgical techniques (Lee et al., 2008) and chemotherapy (Sun et al., 2009) , the overall recovery rate for patients continues to remain poor (Morabito et al., 2009) . GC pathogenesis is a complex, multistage, and heritage-related process. So far, the researches associated with GC mechanisms are far from understood. Various pathological and epidemiological studies have provided evidence that genetic factors play a crucial role in gastric carcinogenesis (González et al., 2002; Hamajima et al., 2006) .
As a feature of malignant tumors, metastasis is mainly related to GC prognosis and the major factors of GC recurrence. Furthermore, lymph node and peritoneal metastasis are highly associated with a poor GC prognosis. We are very interested in the undiscovered molecular changes in distant metastasis tumors. In colon cancer, metastasis associated with colon cancer 1 (MACC1) gene was first identified to be differentially expressed by a gene expression contrast search by comparing normal colon mucosa, primarystage tumors, and metastases lesions . It induces tumor proliferation, metastasis, and invasion in in vitro colon epithelium cancer cell culture, as well as in colon cancer patients . Besides this, MACC1 acts as the main regulator factor of the HGF/Met pathway, and influences cell activity through downstream MAPK upregulation . In previous studies, high MACC1 expression was found to be present in various cancer tissues including colon cancer (Shirahata et al., 2010a) , hepatocarcinoma (Shirahata et al., 2011) , and lung adenocarcinoma (Chundong et al., 2011; Shimokawa et al., 2011) .
Accumulating evidence suggests that the high expression of MACC1 has been proved to be associated with increased metastasis risk and poorer patient survival in various types of cancers including bladder urothelial carcinoma , cervical cancer (Zhou et al., 2015) , and colorectal cancer (Weidle et al., 2015) . Recently, upregulation of MACC1 expression was reported in GC (Shirahata et al., 2010b) . MACC1 was reported to play a key role in GC metastasis (Wang et al., 2013) , epithelial-mesenchyal transition (EMT) phenomena , and angiogenesis (Sun et al., 2015) . Until now, the role of MACC1 in GC has still remained controversial (Ge et al., 2011) . During our work, we investigated MACC1 expression in surgical specimens from 105 GC patients, and we identified the correlation between MACC1 expression and various clinic pathological parameters.
Materials and methods

Patients and tissue samples
GC tissue was obtained from 105 patients who were pathologically proven and underwent surgical operation between January 2004 and December 2006 in our hospital. None of the 105 patients had received neoadjuvant before operation. The tissue samples were formalin-fixed and paraffin-embedded following surgical removal, then were cut into thick sections (4 µm) and mounted onto glass slides for further protein expression analysis. The clinical characteristics of these patients, such as gender, age, tumor location, differentiation, and tumor-node-metastasis (TNM) stage, are summarized in Table 1 . Follow-up by consultation of the case documents or by telephone was performed until death or June 2011, whichever came first. The clinical stage of the tumors was determined according to the TNM classification of the International Union Against Cancer (2009) (Edge and Compton, 2010) . Thirty normal tissue specimens from gastritis patients without malignancy undergoing endoscopic biopsy were collected as blank controls. The present study was approved by the Ethical Committee of the Second Affiliated Hospital of Zhejiang University and the Zhejiang Provincial People's Hospital, China.
Immunohistochemical staining of MACC1
Immunohistochemical (IHC) examination of MACC1 was performed using rabbit anti-MACC1 polyclonal antibody (Abcam, Hong Kong, China) on the specimens described previously. Tissue sections were first incubated at 60 °C for 2 h, followed by deparaffinizing them in xylene; then they were rehydrated in a list of graded alcohols. For retrieval of the MACC1 antigen, the sections were boiled in a solution of 1% (v/v) citrate buffer for 20 min. After natural cooling, the specimens were incubated with 3% (v/v) H 2 O 2 in methanol for another 10 min to block endogenous tissue peroxidase activity, followed by rabbit anti-MACC1 incubation in a moist chamber overnight at 4 °C. Negative controls were managed with normal goat serum instead of the primary antibody. Subsequently, the specimens were incubated with a horseradish peroxidase (HRP)-conjugated secondary antibody (Beijing Zhongshan Biotechnology, China) for 35 min at room temperature. Finally, the slides were incubated with 3,3'-diaminobenzidine (DAB) substrate (Beijing Zhongshan Biotechnology) for 7 min, counterstained with hematoxylin, dehydrated, and then coverslipped.
Staining evaluation
All the immunostained sections were evaluated independently using light microscopy (Olympus, Japan) by two expert pathologists who were blinded from the clinical details. If scores differed between the two investigators, the sections were reassessed by simultaneous dual examination with a multihead microscope. A hundred cells were randomly chosen, and the MACC1-positive cells were filtered from five average isolated fields of each section. An immunoreactivity score (IRS) system was performed. The extensional criteria were defined as follows: (i) frequency of positive cells: 0 (≤5% positively stained cells), 1 (6%-25% positively stained cells), 2 (26%-50% positively stained cells ), 3 (51%-75% positively stained cells), 4 (>75% positively stained cells); (ii) staining intensity: 0 (no staining), 1 (weak staining, pallide-flavens), 2 (moderate staining, yellow), 3 (strong staining, brown). When (i) and (ii) were multiplied, the final score was stratified as: − (0, negative), + (1-4, weakly positive), ++ (5-8, moderately positive), +++ (9-16, strongly positive). In this study, − to + were used to indicate tumors with low MACC1 expression, and ++ to +++ were used to define high MACC1 expression.
Statistical analysis
All statistical analyses were performed with SPSS software 18.0 (SPSS Inc., Chicago, IL, USA). Correlations between MACC1 level and clinic pathological features such as patient survival rate were analyzed using the χ 2 method. Survival curves were calculated and drawn by the Kaplan-Meier method. A log-rank test was used to analyze the differences between the two curves. P<0.05 was validated as the statistical significance.
Results
Detection of MACC1 expression by the relationship between IHC staining and patients' clinic pathological factors
MACC1 was predominantly localized in the cytoplasm or membrane of GC cells. Indeed, MACC1 was expressed in 74.3% (78/105) of tumor samples, whereas the expression was not detected in normal mucosa (P<0.01). Some 16 (15.2%) out of the 105 patients had tumor distant metastasis; IHC analysis revealed a significant increase in the intensity of MACC1 of metastasis tumors (12/16, 75.0%) compared with normal samples and tumors with no dissemination (38/89, 42.7%) (P=0.017; Fig. 1 ). Meanwhile, no significant association was found between high expression of MACC1 and clinical factors (patient gender, age, size, location, histological differentiation, invasion depth, and TNM stages) ( Table 1) . 
Correlation between MACC1 expression and patients' prognosis
Kaplan-Meier analysis showed that the survival rate of postoperative patients who tended to be MACC1-positive tended to be lower than that of the low MACC1 expression group. For all the patients, the 5-year survival rates were 22.0% (11/50) in the high MACC1 group while they were 52.7% (29/55) in the low MACC1 group. The median survival time was 40.14 and 27.84 months, respectively (Fig. 2) .
Diagram of MACC1-mediated signaling in GC
MACC1 promotes cancer invasiveness and tumor growth during tumor development. Tumor development can be accelerated by the c-Met, Twist1/2, and VEGF pathways through MACC1 activation. Even worse than invasiveness, high MACC1 expression may lead to abnormal proliferation as a result of the promotion of tumor angiogenesis and the effect of cell-cycle deregulation. As expected, a higher recurrence and mortality rate are observed in GC patients with relatively positive MACC1 expression (Fig. 3) .
Discussion
Some researchers suggest that MACC1 upregulation has a strong correlation with cancer development and progression in several types of solid tumors, including GC (Ge et al., 2011; Guo et al., 2013) , hepatocellular carcinoma (Wang et al., 2013) , lung adenocarcinoma (Wang et al., 2014) , esophageal cancer (Zhu et al., 2013) , and breast cancer (Huang et al., 2013) . However, the relation between MACC1 expression and patient survival across GC still remains controversial.
Until now, research via a group of GC patients and specimens had demonstrated that the MACC1 gene is closely related to cancer cell peritoneal dissemination and angiogenesis (Shirahata et al., 2010b; Wang et al., 2015) . However, Ge et al. (2011) found that over-expression of MACC1 means better prognosis for GC patients. In this experiment, the relationship between patient prognosis and an oncological feature of this gene in GC was confirmed. Firstly, we demonstrated that the MACC1 protein was significantly highly expressed in GC. Furthermore, MACC1 upregulation was accompanied with short survival time and a higher possibility of cancer metastasis. Recently, various studies have concentrated on the studies of cancer around MACC1. In hepatocellular carcinoma, MACC1 is believed to be a prognostic factor for prognosis prediction (Qiu et al., 2011) . Meanwhile, a high MACC1 presence was proved to have to be connected with recurrence after operation in lung adenocarcinoma (Shimokawa et al., 2011) . Previous findings demonstrate the promotion effect of MACC1 in multiple cancer types, which support the clinical statistical results here. In conclusion, MACC1 ubiquitously promotes carcinogenesis, especially in gastrointestinal system source-derived cancers.
On the basis of our current experiments, we summarize the signaling regulation pathway of MACC1 during recent years (Fig. 3) . MACC1 was initially identified as an activator of the HGF/c-Met pathway, which furthermore upregulated c-Met expression. As a result, CD44-HGF/c-Met and fibronectin-HGF/c-Met may compose a feedback loop that positively enhances the GC cell EMT Wang et al., 2013) . Lin et al. (2015) reported that increased MACC1 expression correlates with metabolic stress in GC. To compensate, the existence of MACC1 ensures GC growth against metabolic stress by adjusting to the Warburg effect. Also, capillary vascular density was significantly increased in the tumors of patients who died of GC, and was positively correlated with MACC1 immunoreactivity analysis . Therefore, MACC1 may be applied as a new predictive molecular marker of GC, and down-regulation of MACC1 may provide a novel strategy for blocking the process of GC metastasis. Nevertheless, further experiments are needed to prove these hypotheses.
In conclusion, it was found that a high MACC1 presence correlated with the presence of GC metastasis and was closely related to patient prognosis. The listed factors suggest that MACC1 may serve as a parameter for the prognostic prediction factors of GC and is possibly a promising molecular target for GC treatment. Finally, the specific mechanisms involved in the progression of GC need further exploration.
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